Introduction
Increasing numbers of scientists are recognizing the importance of computer control and acquisition of the large amounts of experimental data generated by modern laboratory instruments.
Continued development and refinement of minicomputers and microprocessors have resulted in reductions in their cost and size, in addition to substantially higher performance. Reasonably priced computer systems mean that on-line acquisition and processing of data from different instruments is economic for many laboratories.
The technique of stopped-flow spectrophotometry has been widely used for the kinetic study offast reactions in solution and, more recently, for the determination of chemical reactant concentrations from equilibrium methods. In these applications, data acquisition and evaluation are critical procedures.
Conventionally, for reaction rate methods, data from the stopped-flow spectrophotometer are obtained as a photograph ofa storage oscilloscope trace from which individual data points are extracted manually. Manual data processing is timeconsuming and subject to errors from the oscilloscope photograph and the operator in transferring the data to a form suitable for calculations.
Increased use of microcomputers and microprocessors with stopped-flow systems for control, data acquisition and data processing leads to a higher level of automation with a significant increase in measurement throughput, accuracy, and precision 1. The stopped-flow apparatus which is used routinely in many laboratories for kinetic studies is that of Gibson I-2 and
Gibson and Milnes [-3: this is now commercially available. One of the most widely used series of laboratory computers is the Digital Equipment Corporation (DEC) PDP-11 based machines. The recent availability of low-priced modules, such as the LSI-11 microprocessor, has made this hardware accessible to many laboratories. This paper describes an interface which can be readily used for high-speed data acquisition from the Durrum-Gibson stopped-flow spectrophotometer. This system could be readily adapted to most other stopped-flow spectrophotometers described in the literature.
Literature Reaction rates
Reaction-rate methods ofanalysis may be classified into conventional and fast techniques. Conventional program storage and data reduction. The Altair 8800B also controlled an ADD 8080 microcomputer, which in turn controlled the operation of the stopped-flow, data acquisition, display and transmission to the Altair. Holtzman [10] calculated rates and average concentrations obtained from stopped-flow data through an Altair 8080B and a 12-bit Altair 88 ADC. Among the researchers describing a single computer system, Zuberbuhler and Kaden [11] described an on-line data acquisition system with a Hewlett-Packard interface (HP 11203) and an HP 9820 computer. They described a non-linear least square program for calculation of rate constants. Clark and Schuster [ 12] interfaced a stopped-flow instrument to a Horizon II microcomputer with an 8-bit ADC. They also described a Basic program for data acquisition, storage of data files, and a plotting system for a video terminal.
The system described here combines a low-cost data acquisition module using tape storage of raw data, and compatibility with larger computers based on single-user (i.e. DEC RT-11) or time-share (i.e. DEC RSX-11M) operating systems for rapid post-run data reduction and graphics. The hardware chosen represents a good compromise between required speed, flexibility and cost, and the components are among the most common currently in use by research facilities. The software is written for use by operators with minimal training, but should allow for considerable improvement over manual methods for rapid and accurate collection and reduction of stopped-flow data.
Instrumentation
Stopped-flow spectrophotometer A Durrum-Gibson Model D-110 stopped-flow spectrophotometer was used in this project and consisted of: (1) a mixing chamber with the sample flow system, and a pneumatic flow system which initiates the flow ofreactants; (2) an optical system, which supplies monochromatic light and directs it through a sample cuvette; (3) a circulating liquid temperature-control system to maintain the flow system at a constant temperature; and (4) a storage oscilloscope, which registers and records the characteristic absorbances of the reaction. A diagram of the stopped-flow spectrophotometer is shown in figure 1.
The drive syringes are filled from the reservoir syringes, the latter having a capacity of 20ml each. The operator actuates the system, causing equal volumes of two reactants to mix. The minimum sample size per determination is 0.15ml of each component when using the 20mm path-length cuvette. The solutions flow through the cuvette until the stop syringe is filled to the point where its plunger hits the mechanical stop. Flow is halted at that point so that the reaction takes place in the cuvette with a minimum of turbulence interference.
The trigger switch, actuated by the movement of the stop syringe plunger, initiates the horizontal base sweep for the oscilloscope display.and also triggers the acquisition of data by the microcomputer. Light from the monochromator passes through the mixed solutions in the cuvette during the reaction and the resultant varying-intensity light is projected onto the photomultiplier tube.
The photomultiplier output, proportional to the light intensity transmitted by the reacting solution, is processed by a log buffer amplifier and drives the vertical axis of the oscilloscope. The A 'Digi-Designer' (E&L Instruments) prototyping board provided a convenient apparatus to design and check temporary circuits and was used in the interface. It provides an external clock giving a TTL-compatible pulse at selectable frequencies. This clock was connected through gating circuits to the ADC external trigger to initiate the ADC conversions, each one triggered by a low-to-high pulse transition.
The Digi-Designer interface was also constructed to provide a circuit to condition the triggering signal coming from the stopped-flow spectrophotometer to the ADC trigger. The circuit, shown in figure 2, 
Data-processing program
The program CONV.FOR does the kinetic calculations. It interrogates the user at the console terminal about the file name, date, gain and frequency used in the acquisition, then reads the data from the appropriate data file. The data points were originally acquired in integer form to allow the highest speed possible, but are transformed to the floating mode at this point so they can be processed and plotted.
The program plots the data on the Tektronics video screen or plotter. For this purpose, the Tektronix Plot 10 software was used (modified by R. Walraven 
Results

Iron (III)-thiocyanate reaction
To evaluate the performance of the interfaced stopped-flow spectrophotometer, one reaction monitored was the formation of the iron (III)-thiocyanate complex, which has been used as a model reaction in the stopped-flow instrument. The working solutions were 5xl0-'M iron(IiI) chloride and 0"01M potassium thiocyanate, both diluted in 0.05 M sulphuric acid. The reaction temperature was maintained at 25C. Willis et al. [13] noted that with a 0.01 M thiocyanate concentration in at least 20-fold excess over the iron (III) concentration, the reaction was first order in iron (III) concentration. The course of the reaction was monitored at 560nm; the absorbance being proportional to the concentration of the iron(III)-thiocyanate complex.
The mechanism for the reaction is described [-8] 
Myoglobin reaction
The change in absorbance of a solution of sperm whale oxymyoglobin and sodium dithionite as oxygen scavenger was monitored at 580nm, at a reaction temperature of 25C. The oxymyoglobin-dithionite reaction allows measurement of the velocity of dissociation of oxygen from the protein.
The results for this experiment are shown in figure 3 , a plot of decimal output versus data point number, and figure 4, a semilogarithmic plot of the range of points chosen for kinetic calculations. Both figures are generated by the data reduction program on the x-y plotter. The calculated first-order reaction constant was 23.0s and corresponding reaction half-time was 30.2 ms.
Discussion
The microcomputer interface covered in this project is of the passive type, where the computer does high-speed data acquisition, but does not directly control the experiment involved. 
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